Introduction
Good health is by itself of great value. It enhances market earnings by increasing the number of healthy days an individual has available for work (Grossman 1972 ) and increases nonmarket productivity, allowing more time for household production (Becker 1976) . Health checkups help to secure and maintain good health. However, the 1995 National Survey of Life (Kokumin Seikatsu Kiso Chosa in Japanese; Statistics and Information 1998), administered by the Japanese government, shows that only about half of Japan's population undergoes health checkups. The reasons behind the low demand for health checkups, despite Japan's comprehensive health care system, are analyzed in this paper.
There are at least two additional benefits of health checkups that will be important in the analysis of demand for these checkups. First, a checkup will likely give an individual a more objective diagnostic health analysis, in addition to his or her own subjective evaluation of health, made under un-
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certainty. Second, health checkups lead to further demand for preventive medical care when necessary. Early medical care often curtails serious illness. In this respect, the demand for health checkups differs from the demand for health. The former is a derived demand, whereas the latter is a final demand. That is, health checkups appear in the demand for health, which in turn appears in the individual utility function. However, similar socioeconomic and demographic factors appear as determinants in both reduced-form demand functions (Grossman 2000) .
In particular, individuals demand more health information as age increases (Kenkel 1990) . Time costs are also major determinants of the demand for health checkups, which exhibits a larger time-price elasticity than the demand for other medical inputs (Phelps and Newhouse 1974; Coffey 1983 ). Income has a positive effect on the demand for preventive medical care (Kenkel 1994) . A better knowledge of one's own health also increases the demand for preventive medical care (Hsieh and Lin 1997) . However, better health gives individuals less incentive to collect health information. Furthermore, lack of knowledge about health leads individuals to adopt unhealthy consumption patterns (Kenkel 1991) . Thus, uncertainty plays an important role in determining the demand for health checkups, as well as the demand for health itself (Arrow 1963) .
This study focuses on the demand for health checkups rather than the demand for health. Its purpose is to clarify the reasons behind the low demand for health checkups in Japan. There are few empirical studies that analyze this issue using microdata from the National Survey of Life (Statistics and Information 1998) . This study takes an original sample of about 630,000 observations from the twenty-to-sixty-four age group. Of this number, we focus on the thirty-to-sixty age group because this group is more homogeneous, consisting mainly of working people.
We find a gender differential in the demand for health checkups even after controlling for other socioeconomic and demographic characteristics. This differential tends to disappear as age increases. Age is a major factor in determining the demand for health checkups within the thirty-to-sixty age group, but it is less significant within smaller age groupings. The type of health insurance coverage and employer size are also robust factors that affect an individual's health checkup demand. Finally, we identify a strong negative correlation between the health checkup rate and the probability of becoming ill, as well as the duration of hospitalization. This paper is organized as follows. Section 10.2 provides an overview of the health checkup system in Japan. Section 10.3 presents statistics on health checkups, based on the aforementioned survey. Section 10.4 presents a theoretical model with a comparative static analysis of the demand for health checkups and describes the variables of interest in this study. Section 10.5 reports the empirical results, and section 10.6 concludes.
An Overview of the Health Checkup System in Japan
Japan's medical insurance system is a comprehensive system covering the entire population through employees' health insurance, seamen's insurance, and national health insurance.
1 There are three types of employees' health insurance: (a) health insurance managed by associations (provided by employers with 700 employees or more); 2 (b) health insurance managed by the government (provided by employers with fewer than 700 employees); and (c) mutual aid associations insurance, covering public employees and teachers and personnel in private schools. Employees' health insurance covers 80 percent and 70 percent of medical costs for insured persons and their dependents, respectively. National health insurance (NHI) is a community-based insurance plan for local residents who are not covered by employees' health insurance. It pays for 70 percent of medical costs incurred by all insured persons. 3 In March 2000, 15.2 million insured individuals and 16.5 million dependents were covered by health insurance managed by associations. An additional 19.5 million insured individuals and 17.3 million dependents were covered by health insurance managed by the government. The third and final employees' health insurance program, mutual aid associations insurance, insured 4.5 million individuals and 5.6 million dependents. There were 0.08 million individuals and 0.14 million dependents covered by seamen's insurance. Finally, 47.6 million persons were insured by NHI (Health and Welfare Statistics Association 2001) .
Anybody can have a health checkup regardless of his or her type of health insurance. This service is provided for employees at their work sites or at hospitals and clinics in the vicinity of their workplace. Persons covered by NHI who are not in school receive notices about health checkups from their local governments. They can receive their health checkups at local health centers, hospitals, and clinics. Students in this program receive their health checkups at their school, college, or university.
There are three types of health checkups provided by firms: compulsory health checkups required by law, recommended health checkups, and discretionary health checkups. A general health checkup is usually compulThe Demand for Health Checkups under Uncertainty 269 health-hazardous or poisonous chemicals at the work site must provide an on-site doctor when 500 or more workers are employed. Firms with fifty or more employees must have a contracted medical practitioner or doctor that acts as an industrial doctor, overseeing the employees' health condition. Furthermore, firms must hire certified sanitary administrators (SAs). The number of SAs varies according to the size of the establishment: one SA for a firm of 50-200 employees, two SAs for a firm of 201-500 employees, three SAs for a firm of 501-1,000 employees, four SAs for a firm of 1,001-2,000 employees, five SAs for a firm of 2,001-3,000 employees, and six SAs for a firm of 3,001 or more employees. These regulations indicate that employees in larger firms enjoy better health benefits, including having health checkups at their place of work. Similarly, NHI also provides various types of health checkups to local residents who are not covered by employees' health insurance or other types of health insurance.
7 Generally, the local government notifies residents about the schedules for health checkups. These health checkup periods are scattered throughout the year to accommodate the seasonal employment patterns of residents. Residents usually go to a local health center for their health checkups, but they must go to hospitals and clinics for some types of medical checkups. They pay the minimum fee according to the type of health checkup they have.
The types of health checkups provided by local governments are as follows: (a) group health checkups at local health centers and individual visits to hospitals or clinics, and (b) comprehensive medical health checkups in hospitals (i.e., the Nin-gen Dock). The former includes the basic health checkup items listed earlier for a fee of about $10 and tests for the following: gastric cancer ($8), carcinoma of the colon and rectum ($5), lung cancer (no fee; $5 for examination of sputum), tuberculosis (no fee), carcinoma cancer uteri ($6), osteoporosis ($5), breast cancer ($10), and other types of women's medical tests ($5). 8 The latter type of checkup includes the basic health checkup items plus other services depending on the length of hospital stay. The subsidies offered by local governments are, for example, $175 for a general medical examination (out-of-pocket expenses are about $190; that is, the total costs are about $365), $250 for a brain examination (out-of-pocket expenses are about $274), and $375 for a comprehensive examination (i.e., general plus brain examination; out-of-pocket expenses amount to about $410). The above-mentioned health checkups have age restrictions. For instance, the general medical examinations are for people aged thirty or higher, and the brain and comprehensive examinations are for those aged forty or higher. These examples also indicate that
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The next section provides a statistical overview of the health checkup program in Japan.
Health Checkup Statistics
In the preceding section, we discussed health checkups and coverage for these checkups under different types of health insurance. Clearly, the Japanese have adequate opportunity to undergo health checkups. Here we report on how many people aged twenty to sixty-four in Japan have health checkups, based on statistics from the 1995 National Survey of Life (Kokumin Seikatsu Kiso Chosa, hereafter the Survey). The following summary of the Survey is quoted from the Japan Statistical Yearbook 1999 (Statistics Bureau 1998).
This Survey has been conducted by the Ministry of Health and Welfare every three years, since 1986. The Survey is a sampling survey covering all households and their household members within the stratified sample districts chosen at random from the enumeration districts of the 1990 Population Census, and is conducted by enumerator's interview method through the channels of prefectures, designated cities and health centers. The Survey was taken as of 1 June for about 270,000 households and about 800,000 household members in 5,100 districts, excluding one prefecture, Hyogo (616). Table 10 .1 gives the proportion of people reporting health checkups, by gender and age group. The total sample size is 449,051, of which 219,983 are male respondents and 229,068 are female respondents. These proportions reveal at least three noteworthy characteristics. First, the overall average proportion of individuals having health checkups is 0.557. Second, the overall proportion of males having health checkups is 0.607, which is about 10 percentage points above the 0.509 proportion of females. This difference narrows as age increases, excepting the thirty-to-thirty-nine age group (see fig. 10 .1). Third, the health checkup rate peaks with the fifty-tosixty age group for both males and females. A possible explanation for why the health checkup gender differential is widest in the thirty-to-thirty-nine
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Tadashi Yamada and Tetsuji Yamada age group is that females leave their place of employment to get married and start a family in this age range. Thus, they may have fewer opportunities to have their health checked. Most probably, the notification for the checkups now comes from their local government as opposed to from their workplace. A similar phenomenon occurs with males. There is an abrupt decline in the proportion of health checkups from the fifty-to-sixty to sixty-one-to-sixty-four age groups. This probably happens because sixty is the typical age of retirement. However, we still need to know why the proportion of health checkups increases as age increases. We attribute this phenomenon partially to the depreciation of health stock.
To examine whether there are differentials in the health checkup rate across types of health insurance, we show the checkup rate for each type of insurance coverage by age group in table 10.2 (graphed in fig. 10 .2). In almost all age groups, the health checkup proportion is highest for mutual aid associations insurance and second highest for health insurance managed by associations. A reason for these high health checkup rates is that employees covered by either of these health insurance plans enjoy more and better fringe benefits, and, with easier access to health checkups, they incur fewer costs. As noted in section 10.2, firms with 1,000 or more employees must have an industrial doctor and medical assistants such as nurses on site. By comparison, smaller firms may provide fewer medical facilities and services at their work sites, and they may not want employees to leave their jobs simply for health checkups. The employees themselves may face peer pressure not to take a day off for a health checkup. In response to this problem, branches of the Supervision of Labor Standards work to facilitate the provision of checkups, both by informing employers of their necessity and by parking medical vehicles with x-ray radiation equipment at or near work sites. As in firms have very high health checkup rates. For example, employees in enterprises with over 1,000 workers have the highest rate among the general enterprises (that is, private firms); the proportion of workers having health checkups is 80 percent or more except for the twenty-to-twenty-nine age group. The overall rate for all age groups is highest for public employees (0.810). In addition, for most types of employees, the highest health checkup rates occur in the forty-to-forty-nine and fifty-to-sixty age groups, as shown in figure 10 .3. However, among self-employed, part-time, and household workers, the proportion of health checkup recipients is largest for the sixtyone-to-sixty-four age group. In addition to facing a higher risk of sickness, older individuals may have more time available to go for checkups. Table 10 .4 and figure 10 .4 show health checkup rates by industry and age group. Note that security employees have the highest overall health checkup rate: 0.752. This high rate reflects the occupational requirement mentioned earlier: People who work at night must have health checkups twice a year. Hence, the law enforcement industry is highly effective in encouraging its employees to have health checkups.
Finally, we examine the attitude of people who have symptoms of sickness or who are regularly visiting the hospital toward health checkups. We hypothesize a priori that these people, who are aware of their sickness or who are at high risk of becoming sick, are more likely to go for a checkup. Table 10 .5 provides a summary of the evidence on this assumption. In the twenty-to-sixty-four age group, the overall difference in health checkup rates between people with no symptoms (symptom ϭ 0) and people with symptoms (symptom ϭ 1) is nearly 10 percentage points. The age subdivisions reveal that the differential increases with age.
In contrast, gender differences in health checkup rates for both the symptomatic and the symptom-free groups are virtually eliminated by age sixty-one to sixty-four. We cannot satisfactorily explain why the difference between the gender groups is so large regardless of whether symptoms are present. For instance, there is a 20 percentage point difference between males and females in the thirty-to-thirty-nine age group and a 10 percentage point difference in the forty-to-forty-nine age group. Females always have lower health checkup rates than males until the age of sixty. Attributing these gender differences solely to employment differences is both too hasty and too demanding of employment differences. At this point, it seems more reasonable to assume that men and women have different attitudes toward health risks. Similar results are obtained for hospital visits. The findings from this National Survey of Life sample of approximately 450,000 people, aged twenty to sixty-four, may be summarized as follows:
1. Males and females have distinctly different attitudes toward health checkups.
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Tadashi Yamada and Tetsuji Yamada 9. This similarity should be obvious since hospitals diagnose the symptoms. 2. As people grow older (e.g., from age group forty to forty-nine to age group sixty to sixty-four), they become more health conscious.
3. People with health insurance managed by associations or mutual aid associations insurance have more health checkups than those covered by other types of health insurance.
4. Employees in relatively large establishments (e.g., with 500 workers or more) have better access to health checkups. This is also true for public employees.
5. People employed in security-related jobs have the highest health checkup rate.
6. People with symptoms of illness undergo health checkups more often than do people without symptoms.
7. Regardless of whether they display symptoms of illnesses (visit the hospital or not), males usually have health checkups more frequently than do females.
These observations are incorporated in the theoretical model in the next section.
Theoretical Model

Model
As noted above, only 56 percent of twenty-to sixty-four-year-old Japanese had health checkups in 1995. Nearly half the population did not un-
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Tadashi Yamada and Tetsuji Yamada dergo a health checkup despite the fact that these checkups can identify illnesses at early stages. There are a number of possible explanations for this phenomenon. One explanation is that most people are risk lovers, but this seems unlikely. Another is that most people are risk averse but feel they have adequate knowledge concerning their health status; thus, the marginal benefits of having a health checkup are lower than the costs. There are too many other possible explanations to mention. However, it is clear that uncertainty about one's health and the incidence of disease plays an important role in the decision to have a checkup. Generally, a person can prevent future financial loss and psychological burdens by having more and better information with regard to his or her present health status. This kind of information could be provided by a health checkup. In this section, we present an application of the theory of insurance under uncertainty. This theory aims to explain an individual's choice of whether to have a health checkup in response to changes in exogenous factors.
Let us assume that an individual's preferences can be represented by a utility function,
Utility is defined over the contingent earning capacity (S 1 , S 2 ). 10 The corresponding probabilities, 1 and 2 , are parameters of the utility function, since the value of a state-contingent earning capacity depends on how likely the state is to occur.
11
Suppose there is an event S 1 that an individual faces with probability 1 .
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Tadashi Yamada and Tetsuji Yamada 10. Wealth, rather than earning capacity, is typically used in uncertainty models (e.g., Silberberg 1990). However, since we apply the theory of household production to the model, the use of earning capacity is appropriate and can be assumed to reflect all monetary measures, including wealth.
11. This simple application of the theory of insurance under uncertainty is based on Pauly (1989, 309-19) and Silberberg (1990, 445-47) .
If S 1 occurs, the individual maintains his initial health-related earnings endowment S 0 by incurring the cost of preventive activities h, which we take to be a health checkup.
12 In addition, the individual pays the insurance premium (or tax) P required by his type of health insurance, whose purpose is to protect him from a loss of his earnings endowment S 0 due to sudden illness. Thus, S 1 is defined as
The individual faces a second event S 2 with probability 2 , in which he suffers a loss L of his earnings capacity. We assume that the magnitude of the loss increases with the individual's age A. That is, the individual's opportunity costs increase (at a diminishing rate) as age increases.
13 In addition, the stock of health eventually depreciates with age. Finally, we also assume an additional factor H as an argument of L. The individual may engage in some health-promoting activities H to increase his health stock HS. Loss L is defined as follows:
In equation (3), the size of L depends on the type of illness. 14 Different illnesses are associated with different measurable symptoms (with some overlap) such as high blood pressure, high cholesterol, proteinuria, and high white blood cell count. Each symptom s j is associated with a particular illness and, hence, with a particular loss L j . Having a health checkup is influenced by subjective or objective symptoms or both, so that
If symptoms have a probability distribution j (s j ), then having a health checkup is an inverse function of symptoms,
Therefore, the relationship between the health checkup h and loss L j is
where j * is probability associated with L j . The expected loss due to illness can be expressed as
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Finally, if event 2 occurs, the individual receives medical care, which has the effect of augmenting earnings capacity by M. However, obtaining medical care entails some costs, such as the discomfort associated with long waits in clinics and hospitals. 15 This "psychological burden" should be included in the cost calculation as -gM, where 0 Ͻ g Ͻ 1. Now, event 2 can be defined in terms of costs and benefits in money-equivalent units:
Finally, 1 and 2 , the probabilities attached to events 1 and 2, are functions of an individual's age A. 16 As an individual ages, he becomes more susceptible to illness. We express the individual's preferences over uncertain prospects using an expected utility function, or a Von NeumannMorgenstern utility function, as follows:
The value of h that maximizes EU satisfies the following first-order condition: (11), the expression on the left-hand side is the marginal productivity of the health checkup (Ehrlich and Becker 1972, 634) . 17 The equi- 
That is, an additional dollar spent on health checkups must reduce the expected loss by more than a dollar.
18 In other words, if an individual does not expect the benefits from the reduction of his expected loss to be greater than the cost of the health checkup, he will not have the health checkup. Using equation (10) to restate this point, if the maximum EU occurs when h ϭ 0, rather than when h Ͼ 0, then necessarily EUЈ Յ 0; hence, we will have a corner solution. Furthermore, even if h Ͼ 0 to start with, there may be some range of EU over which EUЈ Յ 0. This may be the case when -1 Յ * h L(A, H ) Յ 0. Then the individual will not have a health checkup, because EU(h ϭ 0) Ͼ EU(h Ͼ 0). For example, when the individual already has adequate, positive information on his current health condition, it does not make any sense for him to see a medical doctor at the hospital for a slight cough.
The second-order condition of equation (10) requires
where
The effect of age on the demand for a health checkup h can be found by partially differentiating the first-order optimality condition, equation (10), with respect to A, as follows:
The above suggests that as people grow older, they become more health conscious and hence go for their health checkups. Let us now consider the case of an increase in the health insurance premium (or tax) P. That is, the relative coverage of medical care decreases in clinics and hospitals. The effect of an increase in P on health checkups is negative, as shown in the following equation:
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. In other words, as medical care coverage increases, an individual is more likely to have a health checkup.
The effect of an increase in an individual's initial endowment S 0 is positive, as shown in the following equation:
This result in equation (15) shows that individuals with higher earning potential-for instance, those with larger stocks of human capital-are willing to have health checkups to secure against future earnings losses. We now consider whether an individual who is willing to participate in health-stock-augmenting activities will have a health checkup. By partially differentiating the first-order optimality condition, we have
Hence, an increase in health-stock-augmenting activities, which raises earnings capacity through an increase in the individual's health stock, will tend to encourage the individual to have health checkups in order to avoid an earnings loss due to sudden illness. We can also evaluate the effect of the psychological burden g, which is a burden incurred by an individual due to his illness. When an individual is sick and has to wait for many hours at a busy hospital, there are psychological costs, such as fatigue. In cases of severe illness, he may have to be hospitalized and medical treatment may take several hours or days. The effect of an increase in g on h is positive:
When an individual believes he is prone to some serious illness, perhaps through his job, he is more willing to have a health checkup in order to lessen the psychological burden should he fall ill. On the other hand, the effect of an increase in medical benefits M is negative:
Hence, the individual becomes less self-protective as benefits increase, the classical moral hazard result. Finally, we consider the effect of gender on health checkups. In equation
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ෆ is a positive function of both i (h) and L i (A, H ), and we assume
The effect of an increase (or shift) in the probability distribution over health checkups is found to be
The above result indicates that individuals who are more prone to illness are more likely to have health checkups. The positive relationship can also be applied to
Therefore, under the assumptions listed above, males are more likely to have health checkups than females.
These comparative static predictions must now be evaluated in an empirical setting. For the empirical specification, we assume that an individual's decision to have a health checkup depends on an unobservable utility index I i , defined as
where X i is a (1 ϫ k) row vector of explanatory variables that determine I i , ␤ is a (k ϫ 1) column vector of parameters to be estimated, and u i is a normally distributed random error term. The larger the value of the index I i , the greater the probability an individual will have a health checkup. We further assume that there is a critical level of the index I i * , such that if I i exceeds I i * , the individual will have a health checkup, and otherwise he will not. In terms of the notation used above, [1 ϩ * h L(A, H )] Ͻ 0 and ∂EU / ∂h ϭ 0 at h Ͼ 0 imply I i -I i * Ն 0. Let h ϭ 1 if the individual has a health checkup, and h ϭ 0 if he does not. Since I i , I i * , and [1 ϩ * h L(A, H )] are not observable, we assume I i and I i * to be normally distributed with the same mean and variance. Then, the probability that the individual has a health checkup can be expressed as
where F (и) is the cumulative distribution function, and t is a standardized normal variable-that is, t~ N(0, 1). 19 We estimate a probit model of the demand for health checkups and a tobit model for the length of hospital stay. The next section presents the explanatory variables used in these analyses.
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Variables
Using the model outlined above, we examine the effects of several variables on the demand for health checkups. The dependent variable is a dummy variable that equals 1 if the individual has a health checkup and 0 otherwise.
A critical factor in explaining the variation in demand for medical health checkups is age. Theoretically, the relationship between age and medical health checkups should be positive and slowly increasing until the age of sixty, and declining thereafter. The reason for this decline is that the retirement age is sixty for those working in relatively large firms (see table 10.6). 20 Note, however, that new retirees are still eligible for a type of health insurance managed by associations or health insurance managed by the government for two years following retirement. Otherwise, these individuals purchase NHI.
Gender is another major explanatory variable used in this analysis. The male health checkup rate always exceeds the female rate in the twenty-tosixty-four age range. This differential in health checkup rates certainly results from biological differences as well as socioeconomic and demo- graphic variables. We examine the effect of gender on the demand for health checkups, ceteris paribus. In addition to the above demographic variables, another important explanatory variable is health insurance coverage. This includes health insurance managed by associations, health insurance managed by the government, and NHI. The former two types of insurance cover 80 percent of medical costs (70 percent for dependents), whereas the NHI covers 70 percent for everyone.
To examine the effect of an individual's initial endowment on health checkups, we use a dummy variable to indicate the household's highest income earner (the breadwinner) and include the household's monthly expenditure, which should have an income effect on the demand for health checkups. To account for nonreporting bias, we include a dummy variable for those records with missing income values.
To measure an individual's health-stock-augmenting activities, we use the frequency of daily practices such as eating regular meals, nutritiously balanced meals, and not-too-salty meals; eating in moderation; exercising; getting adequate sleep; and taking time to refresh oneself during the day. We hypothesize that the effect of this variable on the demand for health checkups is positive.
To evaluate the effect of the psychological burden associated with illness, the number of illnesses the individual reports is included as an explanatory variable. This number includes diseases of the circulatory system, respiratory system, digestive system, genitourinary system, and so forth. Although the illnesses of each system could be explanatory variables in the regression, we elect not to use this approach because of the difficulty in evaluating differences in the effects. Also, there are too many to be meaningful for our purposes. In addition to the illness variable, we include the number of stressful events the individual has had to face. These two explanatory variables are considered to be objective measures of health. To avoid specification error, the subjective evaluation of an individual's health condition should also be included in the regression analysis. To do this, we use three dummy variables indicating whether the individual feels he or she is in excellent, good, or fair health.
To capture the effect of medical benefits on the demand for health checkups, we use a life insurance variable as a proxy for benefits. There are various types of life insurance. Some provide coverage only for hospitalization costs and injuries.
To examine the effect of a change in the likelihood of illness on health checkups, we use a dummy variable for whether the individual has visited a clinic or hospital in the past year. If the individual did not visit either for an entire year, the individual is considered to be healthy, ceteris paribus. The probability that he or she falls ill is lower than that of someone who has visited these institutions in recent months.
In addition to the explanatory variables described above, variables measuring education, firm size, type of employment, population size, and regional dummies are also included in the regression models. The definitions and summary statistics of all of the variables are reported in table 10.7. 21 In the next section, we report the empirical results of the probit analysis.
Empirical Results
Health Checkup
Results for the 20-64 and 30-60 Age Groups Table 10 .8 reports the results of probit and ordinary least squares (OLS; linear probability model) analyses for the twenty-to-sixty-four and thirtyto-sixty age groups. Table 10 .9 reports the results of the thirty-to-sixty age group by gender. The overall results are quite similar in terms of the significance of the estimated coefficients, which are very robust. The OLS estimates are shown for comparative purposes. We will mainly discuss the results of the probit model in terms of the signs of the estimated coefficients.
First, MALE is significant and positive in both age groups, as expected (see table 10.8). After controlling for other socioeconomic and demographic variables (discussed in section 10.4), we do not reject the argument that males are more likely than females to have health checkups because their genetic and biological characteristics make them more prone to illness. The estimated coefficients on AGE and AGESQ (age 2 ) are both highly significant. The positive estimated coefficient on AGE and the negative estimated coefficient on AGESQ for both age groups indicate that the profile of health checkups is concave in age. The probit estimate on AGE for the thirty-to-sixty age group is 0.083 and is about twice as large as that for the twenty-to-sixty-four age group, which is 0.037. This shows that the former is more concerned with their health than the latter. The changes in the health checkup rate as age increases, or the estimated coefficient on AGESQ, indicate that individuals lose health stock as they age.
As mentioned earlier, health checkups are time-consuming health inputs. Hence, the opportunity cost of lost work hours or days for the sake of a health checkup should be a major determinant of an individual's decision to have a health checkup. The sign of the wage rate (WAGE) is negative and highly significant. Again, the probit coefficient for the thirty-to-sixty age group (-0.259) is two times larger in absolute value than that for the twenty-to-sixty-four population (-0.139). The corresponding t-statistics also indicate stronger significance of the former than of the latter. 22 The es-
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21. This study focuses on those aged thirty to sixty. However, statistics for the twenty-tosixty-four age group are also reported. Gender-specific statistics are available from the authors upon request.
22. The results are the same for the OLS estimates. The wage rate is the gender-specific industry average wage rate for different age groups, namely, 20-24, 25-29, . . . , 55-59, and 60-64. Coefficients are significant at the 1 percent level, 5 percent level, and 10 percent level if the asymptotic t-statistics are greater than 2.576, 1.960, and 1.645, respectively. 
157,879
Note: All regressions include the eleven regional dummies. a timated coefficient on the variable BREADWIN is significantly positive, and the robust effect shows, as previously hypothesized, that the highest earner of a household is more willing to have health checkups to secure against the loss of earnings that would result from becoming ill. From the estimated coefficient on monthly household expenditures (MONTHEXP), we see that the income elasticity of the demand for health checkups is positive. The individual's type of health insurance coverage is included as the policy variable in the model: ASOCHI, GOVTHI, MUTUHI, and NHI. As expected, the coefficients on the first three variables are positive, while that on NHI is negative. All estimates are statistically significant. Hence, the greater the coverage of medical care, the more likely the individual is to have a health checkup. If health checkups do constitute preventive medical care, individuals having health checkups will be less prone to illness. 23 As of 1995, life expectancy in Japan was 77.01 years for males and 83.59 years for females (Statistics Bureau 1998) . The longevity of the Japanese may be attributed to the current health checkup program under the comprehensive health (medical) insurance system.
Normally, firms with a larger number of employees face more restrictions regarding employees' working conditions. Therefore, these firms usually provide more and better fringe benefits compared to firms with fewer employees. In our study, we use SIZE1000 for institutions with 1,000 employees or more, SIZE500 for those with 500-999 employees, SIZE100 for those with 100-499 employees, SIZE30 for those with 30-99 employees, SIZE5 for those with 5-29 employees, SIZE1 for those with 1-5 employees, and PUBEMPLY for public employees. 24 The estimated coefficients on the variables SIZE5 to SIZE1000 are highly significant and positive, as is that of PUBEMPLY. On the other hand, small institutions that fall within SIZE1 have a negative estimated coefficient. These results are indicative of the better working environments provided by larger firms.
We now turn to the effects of the individual's health condition on the demand for health checkups, holding constant the subjective evaluation of own health (HLTHEXCE, HLTHGOOD, and HLTHFAIR). First, the sign of the estimated coefficient on NOTVISIT is negative, while that on HLTHPRAC is positive. The former is a dummy variable that equals 1 if the individual did not visit any medical institutions during the past year. The latter is the number of health-related daily practices in which the individual engages (e.g., eating regular meals; eating low-salt, nutritionally balanced meals; getting adequate physical exercise and adequate hours of sleep; and so on). The signs of these variables conform to expectations. In To evaluate the effect of the psychological burden of being ill, the variables SICKNUMB (the number of injuries and illnesses) and STRESS (the number of stressful events encountered) are included as explanatory variables. We hypothesized in the previous discussion that the psychological burdens of being ill and being in a queue at a hospital will provide incentives for the individual not to become ill. It is thus possible that the individual will go for health checkups to avoid becoming a patient. Both estimated coefficients on SICKNUMB and STRESS are positive and highly significant. The sizes of the coefficients for the twenty-to-sixty-four age group are almost identical to those of the thirty-to-sixty age group, ceteris paribus.
Finally, we examine the estimated coefficients on education (EDU) and life insurance (LIFEINSU). Education is usually considered to be a factor that increases the efficiency of health production. The variable normally has a positive effect on the demand for preventive medical care (Coffey 1983; Kenkel 1994; and Hsieh and Lin 1997 , to name only a few). However, according to Grossman (1972) , the coefficient on education depends on the elasticity of the MEC schedule, or the demand for health stock. The sign of an individual's education level is negative if the elasticity is less than 1 in absolute value. In this respect, the estimated negative coefficient is not necessarily wrong. 25 The estimated effect of LIFEINSU on the demand for health checkups is negative. That is, an individual with life insurance is less likely to have a health checkup. This result is similar to the canonical story of an individual who buys insurance, but also gambles (see Silberberg 1990, 453) . One may also take the view that the significantly negative coefficient reflects the moral hazard inherent in the health checkup decision.
Other Health Checkup Results
This section highlights some results from breakdowns of the sample. Table 10 .9 reports gender-specific results for the population aged thirty to sixty, and table 10.10 reports age group-specific results for ages thirty to thirty-nine, forty to forty-nine, and fifty to sixty.
First, concerning the gender-specific results in table 10.9, the age effect (AGE) is much stronger for females (0.090) than for males (0.044). After controlling for all other socioeconomic and demographic factors, females
The Demand for Health Checkups under Uncertainty 297 are more likely to have health checkups than males as age increases. We are unable to satisfactorily justify why there exists a large difference in the estimates. However, we offer the following explanation. The health stock of a female is, for genetic and biological reasons, larger than that of a male. Ceteris paribus, females need more preventive health care. Therefore, they are more willing to have health checkups as they age. Another noticeable difference is that the estimated coefficient on MAR-RIED is positive for males (0.161) and positive but very small for females (0.005). A married male bears more responsibility for his household than does a single unmarried male, and thus he must have health checkups to avoid health loss. The coefficient is not statistically significant for females.
The estimated coefficient on NHI is negative and statistically significant for males but positive and not significant for females. It is highly desirable from a policy perspective to motivate self-employed males, including farmers, to have health checkups. If the government is interested in promoting health checkups as a way to prevent illness, these men could be targeted with incentives.
With regard to the industry dummies, the estimates on SALES and SERVICES are negative and statistically significant for males. Therefore, for the same reasons mentioned for NHI, the government needs to be concerned about the working conditions that prevent employees in these industries from having health checkups. Males in the SALES and SER-VICES industries could also be candidates for targeted incentives to encourage check-ups.
Turning to the age group results in table 10.10, the effect of MARRIED is not important for the youngest age group (thirty to thirty-nine) but is a dominant factor for the older groups. On the other hand, WAGE has a negative and significant coefficient for the youngest group, whereas it is negative and insignificant for the forty-to-forty-nine group and positive and insignificant for the fifty-to-sixty group. Therefore, in targeting the thirtyto-thirty-nine group, the high opportunity cost of hours spent to have health checkups must be considered by policymakers, especially for health checkups that take a full day. As mentioned earlier, the effect of NHI is significantly negative for both the thirty-to-thirty-nine and forty-to-fortynine age groups and should be targeted in the promotion of health checkups. Similarly, those working in firms with four or fewer employees (SIZE1) should also be targeted by policymakers.
The results by type of individual health insurance, shown in table 10.11, reveal that males with ASOCHI, GOVTHI or MUTUHI-that is, those who have 80 percent coverage of medical costs-are more likely to have health checkups than are males with NHI (i.e., those with 70 percent coverage). Thus, medical cost coverage also plays a significant role in the health checkup decision. One may also take the view that those with health insurance other than NHI are more informed about health checkups and consequently have more opportunities to have them. When an individual 
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Note: All regressions include the eleven regional dummies. a is the breadwinner (BREADWIN) or the highest income earner in a household, he or she has a higher probability of having a health checkup, regardless of the type of health insurance held. This may arise because of the breadwinner's heavy responsibilities to the household. People with NHI tend to be self-employed, farmers, part-time workers, professionals such as medical doctors and lawyers, who run their own offices, and the like. The estimates on the variables SIZE1000 to SIZE30 may be somewhat inconsistent in the NHI sample. It must be kept in mind, however, that there are quite a number of people working in large firms on a temporary basis. The statistically significant estimated coefficients for the SIZE variables in this subsample may be explained by the fact that workers in large firms have more opportunities to have checkups, regardless of their insurance coverage. In such cases, people with NHI are probably not using their health insurance to get checkups. Instead, most of the health checkup costs are borne by the employers, who run on-site medical offices. Thus, employees in large firms who are covered by NHI have greater accessibility to medical facilities for health checkups compared to those who are simply covered by NHI.
The estimated coefficient on LIFEINSU for the entire sample, reported in table 10.8, is significantly negative. Table 10 .11 reveals, however, that it is significantly positive under ASOCHI (health insurance managed by associations for employees working in relatively large firms) and MUTUHI (Mutual aid associations for public employees and personnel in private schools).
Finally, we examine the demand for health checkups by size of institution, as shown in table 10.12. The sign of each explanatory variable is largely consistent across institution size, but the significance varies widely. On average, the results are more robust in institutions with ninety-nine or fewer employees. This may be due to the fact that employees in relatively small institutions have a greater ability to choose whether to have a health checkup. In other words, small institutions may not be providing adequate opportunities for their employees to obtain checkups, and they are not required to do so by law. Therefore, the health checkup decision is left largely to the employee's discretion.
Results for Patient Hospital Stays
The previous section focused on how individual characteristics affect the demand for health checkups. The regression results revealed that a large number of socioeconomic and demographic variables are significant in the health checkup decision. Here, we extend this analysis to explain the probability of being a patient in a hospital and, if admitted, the length of hospitalization. The dependent variables used in this section are PATIENT (a dummy variable indicating hospitalization) and HOSPITAL (length of hospitalization in months). 26 The results shown in table 10.13 are from the second stage of a two-stage least squares (2SLS) regression. There are seven endogenous variables, from CHECKUP through CHEK1. For example, the variable CHEK1000 is the product of CHECKUP and SIZE1000. 27 In the discussion that follows, we focus on the estimated coefficients of these endogenous variables.
First, in the regressions using PATIENT as the dependent variable, the estimated coefficient on CHECKUP is highly significant and negative (-9.014) . 28 The product terms are all negative, with CHEK1000, CHEK500, and CHEK5 being statistically significant. Thus, having a health checkup in an institution of one of these sizes reduces the probability of becoming ill and being hospitalized. On the other hand, individuals in institutions from SIZE1000 to SIZE30 who do not have a health checkup have a higher probability of becoming ill. Therefore, if institutions want to reduce their inpatient medical expenditures, they should encourage their employees to have health checkups on a regular basis. However, because the provision of health checkups does entail certain costs, the long-run cost-effectiveness of this policy is unknown.
Second, the effect of health checkups on HOSPITAL (tobit) is similar to that on PATIENT. CHECKUP is highly significant, and the negative sign indicates that individuals who have health checkups experience shorter hospital stays. The estimated coefficients on the product terms are all negative, and they are statistically significant for CHEK1000, CHEK5, and CHEK1. Combined with the positive estimated coefficients on SIZE1000 to SIZE5, these results suggest that, conditional on hospitalization, individuals who do not have health checkups will probably have longer hospital stays. To examine the robustness of the effect of CHECKUP on HOSPITAL, we estimate another HOSPITAL equation that takes into account the selection bias. The results obtained from the bias-corrected regression, HOSPITAL (OLS robust), are qualitatively quite similar to those obtained from HOSPITAL (tobit). The selectivity bias term (the estimated coefficient on the inverse Mills ratio variable) is -0.015 and highly statistically significant. The negative sign of the selectivity bias term indicates that individuals who have health checkups experience shorter lengths of hospitalization, on average, than those who do not.
The bottom of table 10.13 includes several additional statistics com-
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26. For brevity, we do not report summary statistics for the independent variables in table 10.13. However, the mean, standard deviation, minimum, and maximum values of PATIENT are 0.005, 0.073, 0, and 1, respectively; for HOSPITAL, they are 3.088, 2.925, 0, and 12, respectively. Patients with hospital stays longer than one year are excluded from the sample. Including all inpatients would mean including an observation with a value of 687 months. The censored sample is more appropriate for this study.
27. The omitted variable under firm size is PUBEMPLY. 28. Since the endogenous variables are all predicted values from the first stage of the probit model for health checkups, the values are neither 0 nor 1, but decimal values. Finally, we test the exogeneity of the seven endogenous variables, CHECKUP to CHEK1, and determine whether they belong in the structural PATIENT model. 33 The Hausman F-ratio ϭ 2188.48 (d.f. ϭ 7, 156307) rejects the null hypothesis to exclude. The Hausman F-ratio ϭ 243.53 (d.f. ϭ 7, 155949) is also statistically significant for the HOSPITAL model.
To summarize, health checkups (CHECKUP) play an important role in both the PATIENT (the probability of being an inpatient) and HOSPITAL (the length of stay in hospital) models. An individual who undergoes health checkups has a much lower risk of being hospitalized than one who does not. Furthermore, hospital stays are shorter for individuals who have the checkups. . If the omitted variables are significantly correlated with other independent variables, there may be omitted variables bias. However, we are more concerned with the effects of the endogenous variables on the dependent variable PATIENT. By definition, the estimated values of endogenous variables are orthogonal to the residuals.
31. The degrees of freedom (8, 156300) for Basmann's test is obtained using the following formula: The numerator (i.e., 8) is the total number of excluded predetermined variables from the second-stage estimation (the PATIENT equation), minus the number of endogenous variables (i.e., 15 -7), and the denominator (i.e., 156300) is the total number of observations in the second-stage estimation minus the total number of predetermined variables in the firststage estimation (i.e., 156352 -52).
32. The same processes are also applied to the estimation of the HOSPITAL equation in table 10.13.
33. This procedure is explained in Gujarati (1995, 672-73) .
The Marginal Effects of Health Checkups on the PATIENT and HOSPITAL Models
The marginal effects of a health checkup (CHECKUP) on PATIENT and HOSPITAL are reported in table 10.14. The marginal effect of a health checkup on PATIENT is -0.084, whereas that on HOSPITAL is -0.048.
The -0.084 value indicates that a 10 percentage point increase in the prevalence of health checkups (CHECKUP) will decrease the probability of hospitalization by 0.84 percentage points. This effect is averaged over all individuals aged thirty to sixty. In addition to this basic effect, if the individual is an employee in a firm of SIZE1000, SIZE500, or SIZE5, there is an additional reduction in the probability of hospitalization of 0.1 to 0.2 percentage points for a ten-percentage point change in CHECKUP. 34 In other words, the probability of hospitalization is 1 percent lower for an individual who has had a health checkup. 35 At first glance, this may appear to be a negligible value, but from the standpoint of a typical firm, one out of every 100 employees may avoid hospitalization.
The marginal effect of health checkups (CHECKUP) on HOSPITAL is -0.048. This implies a reduction in hospitalization of about 0.15 months for an individual aged thirty to sixty who stayed in the hospital less than one year. 36 The coefficients on the product terms, CHEK1000 through CHEK1, are all negative. The marginal effects of CHEK1000, CHEK5, and CHEK1 are statistically significant (see table 10.13). For example, the -0.011 on CHEK1000 is equivalent to a reduction in the length of hospital stay of about 0.03 months (0.011 ϫ 3.1 months), or about one day.
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37 Since these individuals are employees in firms, they must be covered by health insurance managed by associations or health insurance managed by the government. Thus, the costs paid by the individuals reflect only 20 percent of total hospital costs. The other 80 percent is borne by the Social Insurance Medical Care Fee Payment Fund. Therefore, total hospital costs must be about $2,100 per month or $5,500 per month for thirty-to fifty-year-olds and thirty-to sixty-year-olds, respectively.
The reduction in the length of hospital stay due to health checkups translates into a reduction in hospital costs. On an individual basis, the reduction in hospitalization by 0.15 months, or 0.18 (ϭ 0.15 ϩ 0.03) months when firm size is taken into account, reduces hospital expenditures by $315 ($2,100 ϫ 0.15) per case for a hospitalized individual aged thirty to fifty and $825 ($5,500 ϫ 0.15) per case for a hospitalized individual aged thirty to sixty. About $70 to $190 may be added to these figures if the effect of the product term of health checkup and firm size, CHEK1000, is taken into consideration.
38
In comparison to these costs, a thorough, in-hospital medical examination (i.e., a health checkup) costs only $365 (see section 10.2). Furthermore, an individual's out-of-pocket expenses for additional tests are minimal due to local government subsidies. These figures suggest that health checkups are highly cost-effective in the long run. Therefore, health checkups should be widely encouraged as a method of illness prevention.
Summary and Conclusion
This study investigates the demand for health checkups among the working population in Japan. According to the 1995 National Survey of Life (Statistics and Information 1998), the health checkup rate of the twenty-to sixty-four-year-old population is about 56 percent. The analysis
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Tadashi Yamada and Tetsuji Yamada 37. The averages are from costs paid by individuals who were hospitalized during the month of May 1995. In terms of Japanese yen, the values are about 41,600 yen for individuals aged thirty to fifty and about 111,200 yen for those aged thirty to sixty.
38. The marginal effect of the product term of health checkup and firm size, CHEK1000, is -0.011. Therefore, savings can be calculated as $72 ϭ (0.011 ϫ 3.1 months ϫ $2,100 per month) for thirty-to fifty-year-olds, and $188 ϭ (0.011 ϫ 3.1 months ϫ $5,500 per month) for thirty-to sixty-year-olds. Patients with hospital stays longer than one year are excluded from the sample. Inclusion of all inpatients would mean including an observation with a value of 687 months. The censored sample is more appropriate for this study.
focuses on the thirty-to-sixty age group for two reasons: first, this age group is more homogeneous than the twenty-to-sixty-four age group; second, sixty is generally the retirement age for employees in Japan. The empirical results have direct policy implications for the prevention of illness among the working population. These results pinpoint specific policies that firms can implement to improve employee health and help contain growing medical expenditures.
The individual's health checkup decision is explored using a probit model, which is estimated separately by age group, gender, type of health insurance, and firm size. The major explanatory variables of interest include age, gender, wage rate, health insurance coverage, affiliated firm size, and objective evaluations of the individual's health condition. We also examine the effects of an individual's health checkup status on his or her probability of hospitalization and the subsequent length of hospital stay.
Most of the estimated coefficients of the aforementioned variables have the theoretically predicted signs and are highly significant determinants of the demand for health checkups. The estimated coefficients on age and agesquared are positive and negative, respectively, reflecting that the incentive to have a health checkup increases at a diminishing rate with stock of health. Because stock of health increases with age, as does earning ability, the incentives for having a health checkup also increase. Gender also plays an important role in the individual's decision to have a health checkup. Due to genetic and biological differences, males are more likely to have health checkups than females.
A health checkup is a time-consuming health input. For this reason, the opportunity cost of work hours or days is a major determinant of the health checkup decision. The sign of the individual's wage rate is negative and highly significant in the probit models, and the magnitude is largest for the thirty-to-thirty-nine age group. Given the negative effect of NHI on health checkup rates, the positive and significant effects of health insurance managed by associations, health insurance managed by the government, and mutual aid associations insurance reveal that individuals are more willing to have checkups when coverage is more generous. Furthermore, larger enterprises do more to encourage their employees to get health checkups than do smaller enterprises. Thus, in order to promote health checkups among employees and consequently in the population as a whole, a public policy that lowers the opportunity cost of health checkups for targeted groups of working people is desirable.
The estimated coefficients on the individual's objective health conditions are statistically robust. The more illness (and stress) an individual faces, the more likely he is to have a health checkup. On the other hand, if an individual has not visited clinics or hospitals for the past year, which we take to reflect a higher stock of health, he is less likely to have a health checkup, The Demand for Health Checkups under Uncertainty 311 ceteris paribus. Therefore, promoting individuals' health stock, by providing better working conditions and reducing work stress, for instance, may help to contain the increase in medical expenditures. In the short run, health checkups increase medical expenditures. These expenditures are offset, however, by reductions in the incidence and duration of hospitalization. Using 2SLS on the sample data, we find a significantly negative and robust health checkup effect on these measures. In other words, an individual who has had a health checkup has a much lower risk of being hospitalized than one who has not. Furthermore, if this individual is hospitalized, he is likely to have a shorter hospital stay. Thus, in the long run, checkups will reduce not only monetary expenditures but also psychological burdens associated with illness and hospitalization.
The point estimate of the effect of health checkups on the probability of hospitalization suggests that a 10 percentage point increase in the health checkup rate will reduce the probability of hospitalization by 0.8 percentage points. This is the base effect of an individual health checkup; the effect varies by firm size, and one important finding is that checkups may prevent hospitalization for one out of every 100 employees in large firms.
As for length of hospital stay, a 1 percentage point increase in the health checkup rate reduces stays by 0.15 months per year for the thirty-to-sixty age group. Adding in the effects associated with firm size reduces the average stay by an additional 0.03 months. Without the firm-size effects, these reductions translate into cost savings of $315 for individuals aged thirty to fifty and $825 for individuals aged thirty to sixty. The firm-size effects reduce costs further by $70 to $190 per month. These approximate monetary calculations are based solely on hospital costs paid by both the individual and the health insurance agency. If psychological and opportunity costs were incorporated into this analysis, total benefits would far surpass monetary savings.
To conclude, this paper finds that health checkups constitute a highly cost-effective means of illness prevention within the context of the current comprehensive system of national health care. We must increase the relatively low health checkup rate of 56 percent in the twenty-to-sixty-fouryear-old population, if only because good health is, by itself, of great value. 
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Since the right-side of the above equation shows the slope of the indifference curve (Ehrlich and Becker 1972, 626) , we can express this as follows:
By partially differentiating the optimal condition with respect to P, the results are found to be 
